M any myths exist regarding plasma transfusion. In this issue of Anesthesia & Analgesia, Warner et al 1 explore several of these myths. The authors found that patients with abnormal international normalized ratios (INRs) were typically administered 2 units of plasma and that this 2-unit transfusion had very little effect on the patient's INR. This might be a surprising finding to many. Most clinicians will order plasma in 2-unit doses expecting to see reversal of a patient's coagulopathy. So why did Warner et al 1 find no effect? Before revealing the reason, it is important to note that the effect of plasma transfusion on INR reversal was the focus of research in transfusion medicine over a decade ago, yet there seems to have been little knowledge transfer to the world of the anesthesiologist or surgeon. This lack of knowledge transfer is why the study of Warner et al 1 is so important for us in the operating room environment to understand. Plasma is the second most commonly transfused blood product. 2 In Warner's medical center, anesthesiologists were responsible for 63% of the plasma transfusions and 55% of these transfusions were for INRs <2.0. Understanding where plasma transfusion has benefit and where it does not is paramount in minimizing risks associated with plasma transfusion.
One of the primary observations of Warner et al 1 is that a very small decrease in INR occurs after a 2-unit plasma transfusion. In 2006, Holland and Brooks 3 modeled the effect of plasma transfusion on the INR, which is demonstrated in the Figure. What is seen is that the higher the patient's starting INR, the greater the effect of plasma transfusion has in lowering it; whereas, at a low starting INR, the effect of plasma transfusion is minimal. Additionally, one can see that >2 units of plasma is required to correct a high INR into a more normal range and that, even after transfusing multiple units of plasma, the INR achieved never really reaches 1.0. Why is this? Part of it relates to the INR of the plasma being transfused. The INR of plasma reflects the INR of the donor and typically ranges from 0.9 to 1.3. 4 So if a patient with a minimal INR elevation of 1.2 is given a plasma unit with an INR of 1.2, nothing will happen to the patient other than having been exposed to the risks of transfusion-associated circulatory overload, transfusionrelated acute lung injury, and anaphylaxis.
Another issue affecting INR correction is that the relationship between coagulation factor concentration and INR is nonlinear. Normal hemostasis occurs when coagulation factor concentrations are generally >30%, which correlates with an INR of approximately 1.7. 5 Transfusion of plasma to raise the patient's coagulation factor concentration by 10% from 30% to 40% will change a starting INR of 1.7 very little, perhaps down slightly to 1.6. However, when the patient's starting INR is 3.0 and coagulation factor concentrations are <10% of normal, a 10% rise in coagulation factor concentrations will drop the INR to approximately 2.1. Thus, at a higher starting INR, the effect of plasma is much greater than at a lower starting INR. This nonlinear relationship suggests that small elevations in the INR should not be corrected because they basically cannot be corrected with plasma, yet large elevations in the INR can indeed be corrected with plasma.
This raises another issue which is how much plasma is needed to raise coagulation factor concentrations by 10%. At the time of donation, the average donor has 1 IU/mL of all coagulation factors. Because the procoagulant content of the unit is diluted by anticoagulant, a 250-mL unit of plasma might be expected to provide approximately 200 units of procoagulant activity, on average. Recovery of factors in plasma is not 100%; however, and may be as low as 20%-40%. Thus, in a 70-kg patient with a plasma volume of 3000 mL, transfusion of one 250 mL unit of plasma might be expected to increase most factors by about 2.5%. Transfusion of 4 units would raise the level by about 10%. This explains Warner et al's 1 finding that INR changes were modest when the starting INR was <3.0 and that patients were far more likely to achieve 50% normalization of the INR when >3 units of plasma were given.
Another finding of Warner et al's 1 report was that 20% of plasma was given prophylactically to stable, nonbleeding patients before a procedure to correct an abnormal INR. Remembering that normal hemostasis occurs when the coagulation factors are generally at least 30% activity and that this activity correlates to an INR of approximately 1.7, administration of plasma will have a minimal impact on reducing the INR. If one considers a preoperative surgical patient who has a minimally elevated INR, and this patient is transfused with plasma preoperatively and does not bleed during their procedure, it might reinforce the belief that the plasma transfusion was the reason why the patient did not bleed. The fallacy here is that a minimally abnormal INR predicts surgical bleeding risk. This lack of the INR's predictive ability has been demonstrated in numerous studies and was the focus of a systematic review which showed no relationship between abnormal INR values and procedural bleeding. 6 If investigation into the effects of plasma transfusion was performed in the blood banking community a decade ago, it raises the question as to why this knowledge has not been transferred to the clinical world. We would suggest that part of the reason arises from a lack of transfusion education. The lack of education starts as medical students where the exposure to transfusion medicine topics is limited. In 17% of medical schools, there is no formal exposure to transfusion medicine. For 50% of American medical schools, only 1-2 hours of training is provided. 7 One to 2 hours is barely enough time to learn the ABO blood groups and to know what crossmatching means. There is a lack of data as to how much transfusion medicine education exists in a typical anesthesiology residency; however, there are some data on how knowledgeable anesthesiologists are about transfusion topics. In the United Kingdom, an objective structured clinical examination on transfusion was administered to a group of anesthesiologists where the pass rate was 58%. 8 Whether this knowledge level is similar in the United States is currently being investigated.
Blood transfusion is the most common procedure performed on a hospitalized patient, occurring in 7.1% of all inpatient admissions and in over 10% of all patients over the age of 65 years old. 9 The Joint Commission, the American Medical Association, the American Hospital Association, and the American Board of Internal Medicine with their Choosing Wisely Campaign have all identified blood transfusion as 1 of the 5 most overused medical therapies. 10 Given how commonly transfusions are administered, it seems that transfusion medicine should be a core part of medical education, so that experience gained in the past can be learned afresh by new trainees. In our institution, we have created a 1-month rotation in transfusion medicine during an anesthesiology resident's PGY-1 year. We would encourage similar developments at institutions elsewhere. E 
